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An organic EL light-emitting device includes a substrate, thin
films having a reflecting function formed on the substrate, an
organic ELL light-emitting layer, and upper electrodes. The
thin films having a reflecting function are formed from an
amorphous alloy, whereby there can be provided an organic
EL light-emitting device having reflective films that have all
of a reflecting function, a function of shielding transistors
from light, and an electrode function, and moreover have little
surface unevenness.
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1
ORGANIC ELL LIGHT EMITTING DEVICE

TECHNICAL FIELD

The present invention relates to the structure of an organic
EL (electroluminescent) light-emitting device and a method
of manufacturing the same.

BACKGROUND ART

Generally, with an organic EL light-emitting device, trans-
parent electrodes are provided on a glass substrate, an organic
EL light-emitting layer 1s provided thereon, and layers having
the functions of both electrodes and reflective films are fur-
ther formed at a rear surface using aluminum, silver or the like
for increasing the amount of light extracted to the outside;
light 1s then extracted out from the glass surface.

On the other hand, there have been trials 1nto using poly-
crystalline silicon TFTs as an effective driving method 1n the
case of applying a light-emitting device to a display or the
like. With this TFT driving method, as conventionally there 1s
again a method 1 which light 1s extracted from the TFT
substrate side, but in this case the transistors must be placed in
gaps between light-emitting parts, and hence there are prob-
lems such as the area of the TFT devices being restricted.

One can thus envisage a method 1n which the transistors are
made so as to extend out as far as the regions of the light-
emitting parts, and the light 1s extracted from the opposite
side to the substrate (a top emission method). When this
method 1s adopted, it 1s necessary to form on the TFT sub-
strate reflective films that have both a reflecting function and
a Tunction of shielding the transistors from light. Further-
more, these reflective films preferably also function as elec-
trodes.

When forming an organic EL light-emitting layer on these
reflective films, unevenness of the surface of the reflective
f1lms becomes a problem. The organic EL light-emitting layer
1s thin, having an overall thickness of approximately 200 nm,
and moreover out of the organic EL light-emitting layer, an
clectron transport layer where electric field concentration
occurs 1s extremely thin at approximately 30 nm. There 1s thus
a problem that 1f there 1s severe unevenness on the surface on
which the device 1s formed, then electric field concentration
will occur, short-circuiting of the device will occur, and parts
where light cannot be emitted (dark spots) will be formed.

When manufacturing a high-quality top emission type
organic EL device, 1t 1s thus important to form reflective films
that have all of a reflecting function, a function of shielding
the transistors from light, and an electrode function, and
moreover have little surface unevenness.

Moreover, an extremely thin organic EL light-emitting
layer as described above 1s also used 1n organic EL light-
emitting devices 1in which not active matrix driving using
TFTs but rather passive matrix driving 1s carried out. In the
case ol carrying out passive matrix driving, 1t 1s thus again
important to form reflective films having little surface
unevenness.

SUMMARY OF THE INVENTION

To solve the above-described problems, the present mnven-
tion 1s directed to a structure in which the reflective films are
formed from an alloy having a specific element ratio giving an
amorphous phase, whereby retlective films having little sur-
face unevenness are obtained.

An organic EL light-emitting device that 1s a first embodi-
ment of the present mvention 1s an organic light-emitting,
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device in which thin films having a reflecting function are
formed 1n advance on a surface on which the device 1s to be

formed, and then light-emitting parts are formed thereon, and
1s characterized in that the thin films having a reflecting
function are formed from an amorphous alloy.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will now be described with reference to
certain preferred embodiments thereof, wherein:

FIG. 1 1s a schematic sectional view of an organic EL
light-emitting device of the present invention;

FIG. 2 1s a graph comparing the current-voltage character-
istic for organic EL light-emitting devices of Examples 1 to 3;
and

FIG. 3 1s a histogram of the reverse bias breakdown
strength for the organic EL light-emitting devices of
Examples 1 to 3;

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

The following 1s a detailed description of an organmic EL
light-emitting device of the present invention. The organic EL
light-emitting device of the present invention 1s shown 1n FIG.
1. The organic EL light-emitting device comprises a substrate
1, thin films 2 having a reflecting function formed on the
substrate, an organic EL light-emitting layer 3, and upper
clectrodes 4.

The results of measurements using an AFM on a surface
region (2 um square) in the case that 3 nm or 100 nm of Al,
which 1s generally used for reflective films, was deposited by
vapor deposition on a glass substrate are shown 1n Table 1.
From Table 1, 1t can be seen that the surface unevenness
increases as the Al grows.

TABL.

1

(Ll

Surface roughness of Al thin films

Average surface

roughness (nm) Peak to valley (nm)

(rlass 0.21 3.06
Al (3 nm)/glass 088 11.74
Al (100 nm)/glass 2.74 38.85

—

T'he reason that the unevenness increases as the film grows
in this way 1s thought to be that Al readily crystallizes. That is,
Al that has reached the substrate surface can migrate rela-
tively freely over a certain region of the surface (surface
migration). In this process, 1f there are places where the
adsorption potential 1s large, then the residence time there
will be long, and as a result the film growth rate at these parts
will be high, causing unevenness to be produced. In the case
of a simple metal, these parts where the adsorption potential
1s large are parts where the crystallinity 1s high.

Upon actually taking sectional TEM images of Al thin
films, 1t has been found that the film thickness 1s lower 1n twin
crystal parts (parts between two crystals) where the crystal-
limity 1s poor. It 1s thought that 1f such unevenness in the
residence time over the surface could be eliminated, then a flat
metal surface would be obtained.

One can envisage two methods for doing this. One method
1s to grow the retlective films 2 as a perfect single crystal.
However, to grow the reflective films 2 as a perfect single
crystal, generally epitaxial growth must be carried out, and
hence this 1s not practical when considering application to an
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organic ELL light-emitting device in which the device is
formed on glass or an organic film. The second method 1s to
grow the retlective films 2 as a completely amorphous phase.
In the case of growing the retlective films 2 as an amorphous
phase, parts having a large adsorption potential will not arise,
and hence 1t will be possible to form flat films.

As a material that can be grown as an amorphous phase, it
1s practical to use an alloy. For the alloy to form an amorphous
phase, 1t 1s preferable for the mixing enthalpy of the elements
constituting the alloy to be negative, and for the atomic radius
ratio /R (where R>r) of the constituent elements to be not
more than 0.9, preferably not more than 0.85. As such a
combination, 1) a transition metal-phosphorus alloy, 2) a
transition metal-boron alloy, or 3) a transition metal-lan-
thanide alloy can be used. Note that in the present specifica-
tion, ‘transition metal’ means an element from groups 3 to 12
of the periodic table excluding the lanthanides and the
actinides series (e.g. in the case of group 4 of the periodic
table, the elements from Sc to Zn). Moreover, 1in the present

specification, ‘lanthanide’ means an element having an
atomic number from 37 (La) to 71 (Lu).

In the case of using a transition metal-phosphorus alloy for
the reflective films 2, the alloy may contain 10 to 50 at %,
preferably 12 to 30 at %, of phosphorus. In the case of using,
a transition metal-boron alloy for the reflective films 2, the
alloy may contain 10 to 30 at %, preferably 12 to 30 at %, of
boron. Alternatively, 1n the case of using a transition metal-
lanthamide alloy for the reflective films 2, the alloy may con-
tain 10 to 50 at %, preferably 25 to 50 at %, of a lanthanide.

Moreover, one element may be used as the transition metal,
or two or more elements may be used. In the present mven-
tion, preferable transition metals include Ni, Cr, Pt, Ir, Rh, Pd
and Ru, with N1 and Cr being particularly preferable.

In the present invention, the higher the transition metal
content, the higher the retlectivity of the reflective films 2 can
be made. The optimum transition metal content depends on
other desired properties, and can be easily determined by a
person skilled in the art.

In the present mmvention, the reflective films 2 can be
formed on the substrate using a method such as vapor depo-
sition or sputtering. The substrate used here may be a TEFT
substrate on which TFTs for driving have already been
formed. Moreover, 1n the case of forming a device with pas-
stve matrix driving, a glass substrate, a plastic substrate or the
like can be used.

In the present mnvention, the reflective films 2 have a thick-
ness of at least 20 nm, preferably 70 to 150 nm. Through
having such a thickness, good reflectivity, and good ability to

shield the TFT's from light (1in the case of using TFT's) can be
realized.

Moreover, 1n the present invention, due to being made of an
clectrically conductive alloy, the reflective films 2 can also be
used as lower electrodes of the organic EL light-emitting
device. In the case of using the reflective films 2 as lower
clectrodes, a layer for increasing the efficiency of injection of
carriers 1nto the organic layer may also be provided on the
reflective films 2. For example, 1n the case of using the reflec-
tive films 2 as anodes, the efficiency of ijection of holes can
be improved by providing a layer of a material having a high
work function. An electrically conductive metal oxide such as
ITO or IZO can be used as the material having a high work
function. On the other hand, in the case of using the reflective
f1lms 2 as cathodes, the efliciency of injection of electrons can
be improved by providing a layer of a material having a low
work function. An electron-injecting metal selected from
alkal1 metals such as lithium, sodium and potassium, alkaline
carth metals such as calcium, magnesium and strontium, and
fluorides and so on thereot, or an alloy thereof with other
metals or a compound thereof can be used as the material
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having a low work function. It 1s suificient for the thickness of
such a layer for increasing the efficiency of mjection of car-
riers to be 10 nm or less.

The organic EL light-emitting layer 3 1s formed on the
reflective films 2 formed as described above. In the organic
EL light-emitting device of the present invention, the organic
EL light-emitting layer 3 has a structure comprising at least an
organic light-emitting layer, and if necessary a hole 1njection
layer, a hole transport layer, and/or an electron injection layer
are interposed. Specifically, an organic EL light-emitting
layer 3 having a layer structure such as the following 1is
adopted.

(1) Organic light-emitting layer

(2) Hole 1njection layer/organic light-emitting layer

(3) Organic light-emitting layer/electron injection layer

(4) Hole injection layer/organic light-emitting layer/electron
injection layer

(5) Hole injection layer/hole transport layer/organic light-
emitting layer/electron 1njection layer

Publicly known materials are used as the materials of the
above-mentioned layers. To obtain luminescence from blue to
blue/green in color, for example a fluorescent whitening agent
ol benzothiazole type, benzimidazole type, benzoxazole type
or the like, a metal chelated oxonium compound, a styrylben-
zene type compound, an aromatic dimethylidene type com-
pound, or the like 1s preferably used in the organic light-
emitting layer. Moreover, a quinoline derivative (e.g. an
organometallic complex having 8-quinolinol as a ligand), an
oxadiazole dermvative, a perylene derivative, a pyridine
derivative, a pyrimidine derivative, a quinoxaline derivative, a
diphenylquinone derivative, a nitro-substituted fluorene
derivative or the like can be used for an electron 1njection
layer.

Next, the upper electrodes 4 are formed on the organic EL
light-emitting layer 3. In the case of using the retlective films
2 as anodes, the upper electrodes 4 will be cathodes, whereas
in the case of using the reflective films 2 as cathodes, the upper
clectrodes 4 will be anodes. In the device of the present
invention, light 1s extracted via the upper electrodes 4, and
hence the upper electrodes 4 must be transparent. A transpar-
ent electrically conductive oxide such as ITO or IZ0 1s thus
preferable as the upper electrodes 4 1n the present invention.
Furthermore, 1n the case of using the upper electrodes 4 as
cathodes, a layer of a material having a low work function
may be provided between the transparent electrically conduc-
tive oxide and the organic EL light-emitting layer 3, thus
improving the efficiency of injection of electrons. As the
material having a low work function in this case, an electron-
injecting metal selected from alkali metals such as lithium,
sodium and potassium, alkaline earth metals such as, calcium,
magnesium and strontium, and fluorides and so on thereof, or
an alloy thereof with other metals or a compound thereof can
be used. To improve the efficiency of 1mnjection of electrons, 1t
1s suificient for there to be a layer of the material having a low
work function of thickness 10 nm or less, and moreover such
a thickness 1s also preferable from the viewpoint of maintain-
ing the required transparency.

The organic EL device of the present invention 1s prefer-
ably sealed to 1solate the wvarious constituent elements
described above from the surrounding environment. The seal-
ing material 1s required to have low permeability to oxygen
and moisture, high durability, and high heat transfer ability.
Furthermore, 1in the case that the light from the organic EL
device 1s extracted via the sealing material, the sealing mate-
rial 1s required to be transparent to the light emitted by the
organic ELL device. A commonly used material such as an
acrylic resin can be used as the sealing matenal.

With the organic ELL device of the present invention, the
light from the organic EL light-emitting layer 3 may be used
as 1s, or fluorescent color-converting material layers may be




US 7,646,145 B2

S

provided so that the light from the organic EL light-emitting,
layer 3 1s subjected to wavelength conversion. The fluorescent
color-converting material layers may be formed on the upper
clectrodes 4, or may be formed on a separate transparent
substrate to form a color-converting filter, the color-convert-
ing filter then being bonded onto the EL device. The forma-
tion of these layers and the bonding (including the formation
of layers required for the bonding) may be carried out using
commonly used means.

Moreover, the organic EL device of the present invention
may emit one type of light, or may emit a plurality of types of
light of different colors. Preferably, the organic EL device 1s
used as a display combined with a color-converting filter
having red, green and blue light-emitting parts arranged 1n a
matrix. In the case of using the organic EL device as a display,
active matrix driving may be carried out using controlling
clements such as TFTs, or passive matrix driving may be
carried out using upper and lower electrodes having line
patterns that extend in two orthogonal directions.

EXAMPLES 1 1O 3

An N1,P film of thickness 100 nm was formed as a retlec-
tive film on a glass substrate by sputtering using a target
having a composition of N1,P (Example 1). Moreover, for
comparison, a sample in which, instead of the N1,P, 100 nm of
Al was formed by vapor deposition (Example 3), and a
sample in which a metal electrode having a reflecting function
was not tormed, but rather 100 nm of amorphous In,0O,:7Zn0O
(ZnO molar ratio 5%, heremaifter abbreviated to ‘1Z0’) was
formed (Example 2) were manufactured.

Next, 10 nm of IZ0O was formed thereon by sputtering to
match the work function to the injection level of the organic
EL light-emitting layer. The electrode film was patterned
using an ordinary photolithography process using a mask
giving a pattern of stripes with a width of 2 mm and a pitch of
0.5 mm, thus obtaining reflective films. These reflective films
were used as anodes. After that, the surface was subjected to
cleaning using an oxygen plasma at room temperature.

The results of measuring the unevenness of the surface for
the above three types of electrodes using an AFM are shown
in Table 2. It can be seen that the surface roughness for the
1Z0/Ni1P/glass and the 1Z0/glass was the same as that of glass
within the scope of experimental error, but the unevenness for
the I1Z0/Al/glass was more than 10 times greater.

TABL.

(L]

2

Surface roughness of glass substrate and

various types of lower electrodes

Average surface Peak to

Example roughness (nm)  valley (nm)

1 [Z0 (10 nm)/NiP 0.23 3.12
(100 nm)/glass

2 [Z0 (110 nm)/glass 0.23 3.15

3 [Z0 (10 nm)/Al (100 nm)/ 2.85 40.1
glass
Glass 0.21 3.06

An organic EL light-emitting layer was formed on the

anodes. The structure of the organic EL light-emitting layer
was made to be a 4-layer structure of hole 1njection layer/hole
transport layer/light-emitting layer/electron injection layer as
an organic film; 100 nm of copper phthalocyanine (CuPc) was
formed as the hole 1injection layer, and 20 nm of 4,4'-bis[IN-
(1-naphthyl)-N-phenylamino |biphenyl(c.-NPD) was formed
as the hole transport layer. Furthermore, 30 nm of 4,4'-bis(2,
2-diphenylvinyl)biphenyl(DPVB1) was formed as the light-

emitting layer, and 20 nm of aluminum tris(8-quinolinolate)
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(Alg) was formed as the electron injection layer. 20 nm of
copper phthalocyanine (CuPc) was further formed to alleviate
damage upon forming the upper transparent electrodes.

After the formation of the above films had been completed,
200 nm of amorphous In,O;:Zn0O (ZnO molar ratio 5%) was
formed by sputtering using a mask giving a pattern of stripes
with a width of 2 mm and a pitch of 0.5 mm extending in a
direction orthogonal to the anode lines, thus forming cath-
odes. As a result, an organic EL light-emitting device having
a plurality of pixels of dimensions 2 mmx2 mm was obtained.

FIG. 2 shows the typical current-voltage characteristic for
the three types of sample manufactured. The three types of
sample show approximately the same characteristic, this
being because the layer structure of the organic EL light-
emitting layer, which determines the current-voltage charac-
teristic, 1s the same for each. Note, however, that for Example
3, there were parts (pixels) where an abnormal current flowed
due to short-circuiting occurring from the outset.

The light emission efficiency at a current density of 0.01
A/cm” was 10 cd/A for Example 1, 11 cd/A for Example 3,
and 5 cd/A for Example 2. The elliciency was low {for
Example 2 because there are no reflective films and hence
light escapes from the rear surface, but taking this 1nto con-
sideration, 1t 1s thought that light-emitting devices of approxi-
mately the same characteristics were obtained for the three

types.

The insulation breakdown voltage was measured as a quan-
titative indicator of short-circuiting of pixels. In the case of
TFT dniving, a voltage 1s only applied 1n the forward direc-
tion, and hence essentially one should look at insulation
breakdown by measuring a current that flows excessively
during forward bias, but there 1s a problem of the S/N ratio,
and hence the excessive current cannot be detected. Here,
evaluation was thus carried out by sweeping the voltage at 1
V/sec in the reverse bias direction, and defining the voltage at
which a current of 1 pA was detected as the reverse bias
breakdown strength.

FIG. 3 shows the frequency distribution of the reverse bias
breakdown strength obtained by carrying out measurements
on 100 pixels for each of the organic EL light-emitting
devices of Examples 1 to 3. It can clearly be seen from FIG.
3 that the reverse bias breakdown strength 1s lower for the
device of Example 3 (IZ0/Al/glass) having severe surface
unevenness. It 1s thought that this 1s because, due to the
surface unevenness, there are parts where the thickness of the
organic light-emitting layer 1s low and hence the anode and
cathode are close to one another. Note that out ofthe 11 pixels
for which the reverse bias breakdown strength was 0 to 9V for
Example 3, there was complete leakage for 5 of these pixels,
with emission of light not being observed at all even upon
applying a voltage 1n the forward direction.

Next, an investigation into minute defects 1n the pixels was
carried out. A current was passed 1n the forward direction, and
the pixels were observed using a microscope so as to look for
non-light-emitting points of size several um to several tens of
um (dark spots). With the device of Example 3, approxi-
mately 20 dark spots were observed on average 1n a 2 mm-
square pixel, but with Examples 1 and 2, good devices were
obtained, with approximately 2 to 3 dark spots being
observed at most 1n a pixel, and most of the pixels not having
dark spots.

EXAMPLES 4 TO 8

Various retlective films were formed on glass substrates,
varying the target, the film formation power, and the film
formation time. The thickness, reflectivity and surface
unevenness for the reflective films obtained are shown in

Table 3.
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TABLE 3

Film formation conditions and reflective film properties

Film Film Film
Target formation formation thickness Reflectivity
Example composition power (W) time (s) (nm) (%)
4 Ni;P 25 600 124 44.1
5 Ni;B 111 212 139 394
6 CryP 95 201 124 56.6
7 Cr;B 58 390 126 61.7
8 Cr;B 25 393 51.4 62.3
Glass

From Table 3, 1t can be seen that the reflective films formed
from amorphous alloys have approximately the same flatness
as the substrate surface.

The present invention can be used for an organic EL light-
emitting device and a method of manufacturing the same.
According to the present invention, as described above, the
reflective films are formed using an amorphous alloy,
whereby a good flat surface with reduced unevenness 1s
obtained. With an organic EL light-emitting device in which
an organic EL light-emitting layer and upper electrodes are
formed on the reflective films, there 1s little occurrence of
short-circuiting or dark spots, and hence an excellent device
having good light emission efficiency, high reliability, and
improved image quality can be obtained.

What 1s claimed 1s:

1. An organic EL light-emitting device comprising:

a substrate;

thin films having a reflecting function formed on the sub-
strate;

an organic EL light-emitting layer; and

upper electrodes;

wherein the thin films having a reflecting function are
formed from an amorphous alloy, characterized 1n that
the amorphous alloy 1s a metal-boron alloy, the metal 1s
one or a plurality selected from transition metals, and the
metal-boron alloy contains 10 to 50 atomic percent of
boron.

2. The organic EL light-emitting device according to claim
1, characterized 1n that an atomic radius ratio /R (R>r) of

clements constituting the amorphous alloy 1s not more than
0.9.

3. The organic EL light-emitting device according to claim
1, characterized in that the thin films having a reflecting
function are sputtered or vapor deposited thin films.

4. The organic EL light-emitting device according to claim
1, wherein the thin films having a reflecting function 1s the
lower electrode 1n the device.

Surface unevenness

Average Peakto

roughness valley
(nm) (nm)
0.22 3.1
0.21 3.13
0.23 3.15
0.22 3.12
0.2 3
0.21 3.06
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5. An organic EL light-emitting device comprising:

a substrate;

thin films having a reflecting function formed on the sub-

strate;

an organic EL light-emitting layer; and

upper electrodes;

wherein the thin films having a reflecting function are

formed from an amorphous alloy, characterized 1n that
the amorphous alloy 1s a metal-lanthanide alloy, the
metal 1s one or a plurality selected from transition met-
als, and the metal-lanthanide alloy contains 10 to 50
atomic percent of a lanthanide.

6. The organic EL light-emitting device according to claim
5, characterized in that the thin films having a reflecting
function are sputtered or vapor deposited thin films.

7. The organic EL light-emitting device according to claim
5, wherein the thin films having a reflecting function 1s the
lower electrode 1n the device.

8. An organic EL light-emitting device comprising a sub-
strate, thin films having a reflecting function formed on the
substrate, an organic ELL light-emitting layer, and upper elec-
trodes, the organic EL light-emitting device characterized in
that the thin films having a reflecting function are formed
from an amorphous alloy wherein either

(1) the amorphous alloy 1s a metal-boron alloy, the metal 1s

one or a plurality selected from transition metals, and the
metal-boron alloy contains 10 to 50 atomic percent of
boron, or

(11) wherein the amorphous alloy 1s a metal-lanthanide

alloy, the metal 1s one or a plurality selected from tran-
sition metals, and the metal-lanthanide alloy contains 10
to 50 atomic percent of a lanthanide.

9. The organic EL light-emitting device according to claim
8, characterized 1n that the thin films having a reflecting
function are sputtered or vapor deposited thin films.

10. The organic EL light-emitting device according to
claim 8, wherein the thin films having a reflecting function 1s
the lower electrode 1n the device.
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